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(57)Abstract fgSSSS^^H 

PROBLEM TO BE SOLVED: To provide a new thin film forming ^ 

means where a particular metal element is introduced into a fe^@^BSH@@ i^ 

substrate, a method of forming a thin film, which forms a thin **> >t\^s^^is^4^ 

film composed of a silicide film, a silicate film or an aluminate » t 1 4 v J 

film on the substrate having the proper in-plane uniformity of a ^^ffa^^j^^ ^ 




film thickness and film quality, and to provide a method of 
manufacturing a semiconductor device using the forming 

method liSi : 
SOLUTION: The method of forming the thin film, which " ^ 

alternately repeats a first step of supplying a compound 2 that .. >iSj , 

contains at least one kind of a metal element 3 on the <c> 1^^^^^^^ :^ 

substrate 1, and a second step of irradiating energy particles 4 v *, ^ y' 

to the substrate in order to introduce the metal element 3 into ^^^®«k®^"^e 

the substrate 1. At this point, it is preferable that the <v '^^^^^^^^i^i 

compound 2 is adsorbed on the substrate in a saturated V 

manner, and it is also preferable that the energy particles are of m $\t*£^Sj&&$ ^* 

plasma forms. The method of manufacturing the semiconductor 

device has the method of forming the thin film in its process, ^ fc^zm 

and consequently, the silicide film, the silicate film or the like is v v> ^VvVh -; 

formed in the semiconductor device having the proper in-plane uniformity of the film thickness and the 

film quality. 
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damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The thin film formation approach characterized by repeating by turns the 1st step which supplies 
the compound containing at least one sort of metallic elements on a substrate, and the 2nd step which 
irradiates an energy particle to this substrate in order to introduce said metallic element into this substrate. 
[Claim 2] It is the thin film formation approach according to claim 1 characterized by supplying more than a 
complement that this compound sticks to said compound on a substrate in the 1st step. 
[Claim 3] The thin film formation approach according to claim 1 or 2 characterized by said compound 
carrying out saturation adsorption on a substrate in the 1st step. 

[Claim 4] The thin film formation approach given in any 1 term of claim 1 characterized by said energy 
particle being the plasma in the 2nd step thru/or claim 3. 

[Claim 5] Said plasma is the thin film formation approach according to claim 4 characterized by being the 
plasma which excited inert gas, the plasma which excited the mixed gas of inert gas and oxygen, the plasma 
which excited the mixed gas of inert gas and nitrogen, the plasma which excited the mixed gas of inert gas, 
oxygen, and nitrogen, and the plasma of 1 chosen from the group of plasma ** which excited nitrogen gas. 
[Claim 6] The thin film formation approach according to claim 5 that said inert gas is characterized by being 
an argon. 

[Claim 7] The thin film formation approach given in any 1 term of claim 1 characterized by replacing with 
the 1 st step the step which supplies on a substrate the compound containing the metallic element of a 
different class from the metallic element supplied at the 1st step, and applying it to the timing of arbitration 
thru/or claim 6. 

[Claim 8] The thin film formation approach given in any 1 term of claim 1 characterized by said substrate 
consisting of the quality of the material of 1 chosen from the group of silicon, a silicon oxide, a silicon 
nitride, a silicon acid nitride, an aluminum oxide, an aluminum nitride, and an aluminum acid nitride thru/or 
claim 7. 

[Claim 9] The thin film formation approach given in any 1 term of claim 1 characterized by being the 
compound with which said compound contains the refractory metal for forming the silicide film thru/or 
claim 8. 

[Claim 10] The thin film formation approach given in any 1 term of claim 1 characterized by said compound 
containing the metallic element of at least 1 chosen from the group of a zirconium, a hafnium, and a 
lanthanoids thru/or claim 8. 

[Claim 11] The thin film formation approach according to claim 9 or 10 characterized by said compound 
being an organometallic compound containing oxygen and/or nitrogen. 

[Claim 12] The thin film formation approach according to claim 10 characterized by making high gradually 
the dielectric constant of the thin film formed by repeating the 1st step and the 2nd step. 
[Claim 13] The thin film formation approach characterized by removing said protective coat after repeating 
by turns the 1st step which supplies the compound containing at least one sort of metallic elements on the 
substrate with which the protective coat was formed, and the 2nd step which irradiates an energy particle to 
this substrate in order to introduce said metallic element into this substrate. 

[Claim 14] The thin film formation approach according to claim 13 characterized by forming the silicide 
film in the substrate after removing a protective coat. 

[Claim 15] The manufacture approach of the semiconductor device characterized by having the thin film 
formation approach of a publication in process in any 1 term of claim 1 thru/or claim 14. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device of 
having the new thin film formation approach which forms thin films, such as for example, silicide film and 
silicate film, and its thin film formation approach in process. 
[0002] 

[Description of the Prior Art] In recent years, it has been an important technical problem when 
manufacturing LSI to form various kinds of thin films in a silicon wafer with sufficient dependability and 
homogeneity by the rise of a degree of integration in a semi-conductor ultra-large scale integrated circuit 
(LSI, Large Scale Integrated circuit). Especially the gate dielectric film used for the gate of an MOS (Metal 
Oxide Semiconductor) mold field-effect transistor is asked for properties, such as low leakage current, high 
pressure-proofing, high-reliability, and the homogeneity of thickness. Si02 deposited on old gate dielectric 
film by thermal oxidation The film is used and the polish recon electrode deposited with the reduced 
pressure C VD method is used for the gate electrode prepared on the gate dielectric film. 
[0003] However, gate dielectric film in recent years is thin-film-ized from the request of a scaling law by 
2nm or less of thickness, consequently the problem that a gate leakage current increases has arisen. 
[0004] It is Si02 to this problem. Newly introducing an insulator layer with specific inductive capacity 
higher than the film (it also being called a high dielectric constant insulator layer.) is examined. The 
insulator layer with high specific inductive capacity is Si02 of specific inductive capacity 4. Since effective 
thickness becomes small when it converts into the film, there is an advantage that thin film-ization can be 
attained without increasing a gate leakage current. It needs to be stable on a silicon substrate and a 
thermodynamics target, and the formed high dielectric constant insulator layer is 20aluminum3 film from 
the viewpoint, and Zr02. The film and Hf02 Installation of the film or a lanthanoids oxide film is 
considered (for example, H.J.Osten, an IEDM technical digest 2000 or 653 pages). Zr02 with specific 
inductive capacity high [ among these ] The film (specific inductive capacity 25) and HfD2 Promising ** of 
the film (specific inductive capacity 30) or the lanthanum oxide film is carried out. However, once it is easy 
to crystallize it with about 600 degrees C since crystallization temperature is low, and it crystallizes, the 
problem of an impurity being spread or leakage current occurring through the grain boundary, will produce 
those high dielectric constant insulator layers. 

[0005] It is the metallic element which can form a high dielectric constant insulator layer from such a thing 
while controlling crystallization recently Si02 Promising ** of the silicate film or aluminates film added in 
the film or aluminum203 film is carried out. 

[0006] On the other hand, since the quality of the thickness homogeneity influences transistor 
characteristics, such as threshold voltage and a drain current, directly, the thickness homogeneity of the gate 
dielectric film within a wafer side serves as a very important element, for example, the thickness 
homogeneity demanded when depositing gate dielectric film of 1 .5nm of conversion thickness on a 8 inch 
silicon wafer - a spectrum - in the thickness measurement by ellipsometry, it may be **0.1nm or less in the 
wafer side. As the deposition approach of gate dielectric film of having such high thickness homogeneity, 
after carrying out the spatter of a reactant spatter and the metal, various approaches, such as the approach of 
carrying out thermal oxidation processing, modified chemical vapor deposition (CVD, Chemical Vapor 
Deposition), or the gaseous-phase atomic layer depositing method (ALD, Atomic Layer Deposition), are 
used. 

[0007] Especially the gaseous-phase atomic layer depositing method is the deposition approach which forms 
gate dielectric film, accumulating one atomic layer at a time, and since it can form the gate dielectric film in 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



4/14/2005 



JP,2003-297814,A [DETAILED DESCRIPTION] Page 2 of 13 

# • 

a silicon wafer side by very uniform thickness, it attracts attention as the leading deposition approach. For 
example, it deposits by irradiating trimethylaluminum (TMA) and water by turns, and 20aluminum3 
insulator layer is Zr02. An insulator layer and HfD2 An insulator layer is deposited by irradiating Zr 
chloride or Hf chloride, and water by turns. 

[0008] [ when forming the silicate film or aluminates film by which promising ** is carried out recently and 
which was mentioned above by the gaseous-phase atomic layer depositing method ] Although it is necessary 
to supply the organometallic compound containing the metallic element which can form a high dielectric 
constant insulator layer to a membrane formation room while supplying a silicon raw material or an 
aluminum raw material to a membrane formation room, and controlling crystallization It was difficult to 
deposit every atomic layer by the approach which added such a step to the conventional gaseous-phase 
atomic layer depositing method. From such a thing, as an approach of depositing the silicate film and the 
aluminates film, conventionally, the usual heat CVD method which used the organometallic compound was 
adopted, and the approach of carrying out reoxidation processing of the metal atom which carried out the 
spatter was adopted on the silicon substrate. 
[0009] 

[Problem(s) to be Solved by the Invention] However, the homogeneity within a field of the thickness of the 
silicate film which it comes to deposit by the heat CVD method or the spatter and aluminates film which 
were mentioned above, and membraneous quality was inadequate, and the improvement was called for. 
[0010] this invention persons were the processes in which research was wholeheartedly repeated about the 
trouble mentioned above, and they reached the new thin film means forming which can introduce a metallic 
element in a substrate based on such a new idea while they succeeded in finding out the very effective thin 
film formation approach which can form on a substrate the thin film which consists of silicate film or 
aluminates film with the sufficient homogeneity within a field of thickness and membraneous quality. 
[001 1] The purpose of this invention is to offer the thin film formation approach which can form on a 
substrate the thin film which consists of the silicide film, silicate film, or aluminates film with the sufficient 
homogeneity within a field of thickness and membraneous quality, and offer the manufacture approach of 
the semiconductor device using the approach further while offering the new thin film means forming which 
introduces a metallic element in a substrate. 
[0012] 

[Means for Solving the Problem] The thin film formation approach of this invention of attaining the purpose 
mentioned above has the description to repeat by turns the 1st step which supplies the compound containing 
at least one sort of metallic elements on a substrate, and the 2nd step which irradiates an energy particle to 
this substrate in order to introduce said metallic element into this substrate. 

[0013] According to this invention, the compound supplied on the substrate at the 1st step is disassembled at 
the 2nd step, and at least one sort of metallic elements which that compound contains are introduced into a 
substrate. Since this invention repeats each such step by turns, it can introduce the specific metallic element 
of the amount of requests into a substrate by choosing that count of a repeat. By this thin film formation 
approach, specific metallic elements, such as a tungsten, molybdenum, titanium, a tantalum, and platinum, 
are introduced into a silicon substrate, and they are specific metallic elements, such as a zirconium, a 
hafnium, and a lanthanum, in forming the silicide film **** Si02 The high dielectric constant insulator 
layer which introduces into the film or aluminum203 film, and consists of silicate film or aluminates film 
can be formed. 

[0014] In the 1st step of the thin film formation approach of this invention, it has the description for that this 
compound sticks to said compound on a substrate to be supplied more than a complement, and has the 
description further for said compound to carry out saturation adsorption on a substrate. 
[001 5] Since a compound can be made to adsorb on a substrate, homogeneity can be made to introduce the 
metallic element in a compound into a substrate side by being able to make the metallic element in a 
compound introduce into a substrate easily, and carrying out saturation adsorption of the compound further 
by the exposure of the energy particle in the 2nd step, according to these invention. 
[0016] In the 2nd step of the thin film formation approach of this invention, it has the description for said 
energy particle to be the plasma. Said plasma The plasma which excited inert gas, the plasma which excited 
the mixed gas of inert gas and oxygen, The plasma which excited the mixed gas of inert gas and nitrogen, 
the plasma which excited the mixed gas of inert gas, oxygen, and nitrogen, And it has the description for it 
to be the plasma of 1 chosen from the group of plasma ** which excited nitrogen gas, and has the 
description for said inert gas to be an argon. 

[0017] According to these invention, a compound is disassembled by the plasma and the metallic element in 
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a compound is introduced in a substrate. When oxidation removal of the pollutants, such as carbon in the 
film, is carried out, and it can contribute to membranous eburnation, when the plasma contains oxygen, and 
the plasma contains nitrogen, nitrogen is made to contain in the film in the case of the nitrogen plasma, and 
it can contribute to control of diffusion, such as boron (B). 

[0018] In the thin film formation approach of this invention, it has the description to replace with the 1st 
step the step which supplies on a substrate the compound containing the metallic element of a different class 
from the metallic element supplied at the 1st step, and apply it to the timing of arbitration. According to this 
invention, only the amount of arbitration can make metallic elements other than the metallic element 
supplied at the 1st step contain. 

[0019] In the thin film formation approach of this invention, it is desirable that said substrate consists of the 
quality of the material of 1 chosen from the group of silicon, a silicon oxide, a silicon nitride, a silicon acid 
nitride, an aluminum oxide, an aluminum nitride, and an aluminum acid nitride. 

[0020] In the thin film formation approach of this invention, it is desirable that it is the compound with 
which said compound contains the refractory metal for forming the silicide film. 

[0021] In the thin film formation approach of this invention, when said compound has the description to 
contain the metallic element of at least 1 chosen from the group of a zirconium, a hafnium, and a 
lanthanoids and repeats the 1st step and the 2nd step, it is desirable to make the dielectric constant of the 
thin film formed high gradually. 

[0022] In the thin film formation approach of this invention, it is desirable that said compound is an 
organometallic compound containing oxygen and/or nitrogen. According to this invention, since a 
compound contains oxygen and/or nitrogen, in the case of oxygen, oxidization removal of the pollutants, 
such as carbon in the film, is carried out, for example, and it can contribute to membranous eburnation, and 
nitrogen is made to contain in the film in the case of nitrogen, and it can contribute to control of diffusion, 
such as boron (B). 

[0023] The thin film formation approach of this invention of attaining the purpose mentioned above has the 
description to remove said protective coat, after repeating by turns the 1st step which supplies the compound 
containing at least one sort of metallic elements on the substrate with which the protective coat was formed, 
and the 2nd step which irradiates an energy particle to this substrate in order to introduce said metallic 
element into this substrate. In this thin film formation approach, it has the description for the silicide film to 
be formed in the substrate after removing a protective coat. According to this invention, since a metallic 
element is introduced in a substrate through a protective coat, it can prevent introducing in a substrate 
elements other than the metallic element which should be introduced by that protective coat while being able 
to prevent the damage of a thin film as much as possible. According to this thin film formation approach, it 
is convenient to form the silicide film. 

[0024] The manufacture approach of the semiconductor device of this invention of attaining the purpose 
mentioned above has the description to have the thin film formation approach of this invention mentioned 
above in process. Since it has the film formation process which can form the high dielectric constant 
insulator layer which consists of silicate film which, for example, made specific metallic elements which 
introduced specific metallic elements, such as a tungsten, molybdenum, and titanium, such as silicide film, a 
zirconium, and a hafnium, contain, aluminates film, etc. with the sufficient homogeneity within a field of 
thickness or membraneous quality according to this invention, improvement in the degree of integration of 
semi-conductor ultra-large scale integrated circuits, such as an MOS transistor, is enabled. 
[0025] 

[Embodiment of the Invention] Hereafter, the thin film formation approach of this invention and the 
manufacture approach of a semiconductor device are explained, referring to a drawing. 
[0026] This invention is the approach of supplying the compound 2 containing at least one sort of metallic 
elements 3 (the 1st step; drawing 1 (b)), irradiating the energy particle 4 to a substrate 1 after that (the 2nd 
step; drawing 1 (c)), and forming a thin film 5 on a substrate 1, as shown in drawjng_l . At this time, the 
compound 2 supplied on the substrate 1 at the 1st step is disassembled at the 2nd step, and at least one sort 
of metallic elements 3 (in this application, it may be called an introductory metallic element or a specific 
metallic element according to the context) which that compound 2 contains are introduced into a substrate 1 , 
consequently a thin film 5 ( drawing,! (d)) is formed. In this invention, as shown in - (g), a metallic element 
3 is further introduced by repeating the 1st step and the 2nd step by turns into the drawin gj, (e) formed thin 
film 5. 

[0027] In addition, the thin film 5 formed from the 2nd repeat will act as "a substrate 1" as used in the field 
of this invention, a compound is supplied on the thin film 5, and an energy particle is irradiated to the thin 
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film 5. Therefore, from the repeat 2nd after the 1 st step and the 2nd step, a thin film 5 acts as a substrate 1 , 
and they serve as homonymy. 

[0028] Hereafter, each configuration is explained, explaining the 1st step and the 2nd step. 

[0029] (The 1st step) The 1st step is a step which supplies the compound 2 containing at least one sort of 

metallic elements 3 on a substrate 1 . 

[0030] A substrate 1 will not be limited, especially if the metallic element 3 in a compound 2 is introduced 
and a thin film 5 can be formed, but a silicon substrate, metal substrates other than silicon, an oxide 
substrate, a nitride substrate, an acid nitride substrate, etc. are selected in consideration of the metallic 
element 3 and the configuration element of a substrate 1 which should be introduced. Moreover, you may be 
a substrate containing the substrate or semiconductor material which consists of semiconductor materials, 
such as germanium. 

[0031] Consideration of the practicality of the thin film which it is at this application application time, and is 
recognized uses preferably what consists of the quality of the material of 1 chosen from the group of silicon, 
a silicon oxide, a silicon nitride, a silicon acid nitride, an aluminum oxide, an aluminum nitride, and an 
aluminum acid nitride. As an example, a silicon wafer can be used, what carried out oxidation and nitriding 
or acid nitriding treatment on the surface of the silicon wafer can be used, or what carried out oxidation and 
nitriding or acid nitriding treatment can be used for the front face of the aluminum film formed on the 
silicon wafer etc. A crystalline substance or an amorphous substance (amorphous) is especially sufficient as 
the crystallized state of such a substrate, and it is not limited. 

[0032] In this invention, various functional thin films can be formed by choosing the quality of the material 
of a substrate 1, and the class of introductory metallic element 3. For example, when silicon is used for a 
substrate 1 , metallic elements, such as a tungsten, molybdenum, titanium, a tantalum, and platinum, can be 
introduced, and it can consider as the silicide film. Moreover, when the case where a silicon oxide, a silicon 
nitride, or a silicon acid nitride is used for a substrate 1, an aluminum oxide, an aluminum nitride, or an 
aluminum acid nitride is used, metallic elements, such as a zirconium, a hafnium, and a lanthanum, can be 
introduced and it can consider as the silicate film or the aluminates film. 

[0033] A compound 2 contains the introductory metallic element 3 according to the presentation of the thin 
film which it is going to (b)-form, and further, after a (b) membrane formation room is supplied, it has the 
property to adsorb on a substrate. Although such a compound is not limited in the metallic element 
introduced in a substrate that what is necessary is [ especially ] just one sort or the thing contained two or 
more sorts, the organometallic compound containing one sort of introductory metallic elements 3 is usually 
used preferably. 

[0034] As an example of a compound 2, the organometallic compound containing the metallic element of at 
least 1 chosen from the group of the zirconium for forming the organometallic compound and silicate film 
containing the refractory metals (for example, a tungsten, molybdenum, titanium, a tantalum, platinum, etc.) 
for forming the silicide film, and the aluminates film, a hafnium, and a lanthanoids etc. can be mentioned to 
(**) mentioned above. As opposed to (b) mentioned above for example, moreover, ** dimethylamino 
titanium, A titanium tetrachloride and tetrakis diethyl friend titanium {Ti[N(CH3) 2] 4}, Tris dipivaloyl 
METANATO cobalt {Co (CI 1H1 902)3} , The organometallic compound of pentaethoxy {tantalum (OC 
two H5) Ta 5} hexa FURORO acetylacetonate platinum {Pt (C5 HF 602)2} etc., ** A tertiary BUTOKI 
hafnium {Hf (OtBu)4} and an acetylacetonate hafnium {Hf (Acac)4}, A diethylamino hafnium {Hf (NEt2) 
4} tertiary BUTOKI zirconium {Zr (OtBu)4}, an acetylacetonate zirconium {Zr (Acac)4} - and Any one 
sort of organometallic compounds chosen from the group of a diethylamino zirconium {Zr (NEt2)4}, ** A 
lanthanum, a terbium, an erbium, a holmium, a dysprosium, And any one sort of dipivaloyl meta-NETO 
compounds chosen from the group of PURASEOJIUMU, for example, dipivaloyl meta-NETO (DPM) 
lanthanum {La (C11H1902)3} ** are used preferably. 

[0035] Among the above, the organometallic compound of ** is used suitable for formation of the silicide 
film, and the organometallic compound of ** and ** is used suitable for formation of the silicate film or the 
aluminates film. In addition, since the compound of ** and ** can form the nitrogen content film when 
oxidation removal of the pollutants, such as carbon in the film, is carried out in the case of the 2nd step later 
mentioned when a compound contains oxygen, for example, it can contribute to membranous eburnation and 
a compound contains nitrogen, since oxygen and/or nitrogen are contained, it can be contributed to control 
of diffusion, such as boron (B). 

[0036] In the 1st step, a compound is supplied to the compound adsorbing on a substrate more than a 
complement. With the "complement", the residence time in substrate temperature, the equilibrium vapor 
pressure at that time, the partial pressure of gas of the supplied compound, and the reaction chamber of the 
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supplied compound etc. is taken into consideration and set up. For example, since the gaseous phase 
reaction of the water in the membrane formation interior of a room and a compound can be controlled by 
holding the water partial pressure in a reaction chamber to 10 - 3 or less Pa, a compound can be made to 
stabilize and stick to a substrate. Moreover, a compound can be made to stabilize and stick to a substrate 
also by setting the temperature of a substrate as the temperature which the autolysis of a compound does not 
generate. For example, when using the tertiary butoxy hafnium which is an organometallic compound, it is 
desirable to set the temperature of a substrate as the range of 300 degrees C from ordinary temperature (20 
degrees C or more). More specifically, it is as having indicated in the below-mentioned example. The 
metallic element in the compound to which it stuck is easily introduced by the 2nd below-mentioned step in 
a substrate. 

[0037] As for a compound, it is desirable to carry out saturation adsorption on a substrate. The compound 
which carried out saturation adsorption on the substrate can make homogeneity introduce into a substrate 
side the metallic element which the compound contains by the 2nd below-mentioned step. In addition, 
"saturation adsorption" here is in the condition that it was occupied uniformly and adsorption of the 
compound to a substrate top has reached saturation with the compound with which the substrate side was 
supplied, and is in the condition of existing on a substrate side in the very uniform condition. Since 
especially the compound mentioned above is an organometallic compound with which all have serious steric 
hindrance, even if it is the case where many organometallic compounds accumulate on a substrate, only the 
introductory metallic element in the organometallic compound which stuck to the substrate front face is 
introduced in a substrate at least. 

[0038] Next, the supply means of the compound in the 1 st step is explained. 

[0039] Drawing 2 is the schematic diagram showing an example of the thin film deposition system 100 used 
by the thin film formation approach of this invention. The membrane formation room 101 is exhausted with 
the vacuum pump 105 which consists of a dry pump, a drag molecular pump, etc., and is put under reduced 
pressure. The base degree of vacuum of the membrane formation interior of a room is 10 - 4 or less Pa, and 
the partial pressure of water is always kept at 10 - 3 or less Pa. When a base degree of vacuum and the 
partial pressure of water exceed this value, the CVD reaction usual between residual water will arise. The 
equipment upper part is equipped with the source 104 of a radical, and the plasma is generated by 
impressing microwave to the source 104 of a radical. The source 104 of a radical is equipped with the 
chemical cylinder 108 for sending mixed gas with inert gas, such as an argon, or inert gas, such as an argon, 
oxygen, and/or nitrogen through the closure bulb 1 10 and a massflow controller 106. Moreover, this thin 
film deposition system 100 is equipped with the heater 102 for heating a substrate 103, and a substrate 103 
is heated at a heater 102. In this thin film deposition system 100, a compound is supplied on a substrate with 
two kinds of means as follows. 

[0040] The 1st supply means is a supply means to heat the compound of a liquid to predetermined 
temperature, to raise vapor pressure, to make a gas, and to introduce into the membrane formation room 101 
through a massflow controller 106. With this 1st supply means, in order to supply a gas compound on a base 
material 103, equipment 100 is equipped with the feeder current way which consists of the raw material 
cylinder 107 with a heating device, a massflow controller 106, and a closure bulb 110. 
[0041] The 2nd supply means is a supply means to control the volume of the compound of a liquid by the 
liquid massflow controller 1 1 1 , to make evaporate a liquid with a carburetor 109 after that, and to introduce 
into the membrane formation room 101. Equipment 100 is equipped with the feeder current way which 
consists of the helium chemical cylinder 1 13, the liquid massflow controller 1 1 1 , the carburetor 109, and the 
closure bulb 1 10 for pressurizing the liquid raw material cylinder 1 12 and a liquid, and sending the liquid in 
order to supply the gas of a compound on a base material 103 with this 2nd supply means. 
[0042] In two kinds of these supply means, to the compounds (for example, tertiary butoxide etc.) which can 
raise vapor pressure easily with heating, the 1st supply means which uses a massflow controller 106 is 
applied preferably, and the 2nd supply means using a carburetor 109 is preferably applied to compounds (for 
example, dipivaloyl meta-NETO (DPM) etc.) with low vapor pressure. 

[0043] (The 2nd step) The 2nd step is a step which irradiates the energy particle 4 to a substrate 1 . The 
energy particle 4 irradiated at this 2nd step disassembles the compound 2 supplied on the substrate 1 at the 
1st step mentioned above, and it acts so that at least one sort of metallic elements 3 which that compound 2 
contains may be introduced into a substrate 1 . 

[0044] The energy particle 4 can apply various energy particles that what is necessary is just what has the 
operation mentioned above, for example, can apply the plasma, ion, a radical, an electron ray, ultraviolet 
rays (vacuum ultraviolet radiation (excimer) is also included.), an X-ray, etc. In choosing a suitable energy 
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particle from such inside, by irradiating the energy particle, it is taken into consideration whether the 
metallic element in a compound can be introduced in a substrate, and membrane formation conditions, such 
as substrate temperature, are taken into consideration and chosen further. Usually, the plasma is chosen 
preferably. 

[0045] The plasma is a state of matter which the charged particle of positive/negative lives together and has 
become electrical neutrality, and the class is chosen in consideration of the presentation of the thin film 
finally formed. For example, it is desirable that they are the plasma which excited inert gas, the plasma 
which excited the mixed gas of inert gas and oxygen, the plasma which excited the mixed gas of inert gas 
and nitrogen, the plasma which excited the mixed gas of inert gas, oxygen, and nitrogen, and the plasma of 1 
chosen from the group of plasma ** which excited nitrogen gas. Moreover, hydrogen may be made to 
contain a little (about 0.1 - 10%) in these plasma, and it combines with carbon and the hydrogen removes 
the carbon in a thin film, and it acts so that carbon contamination may be prevented. In addition, although 
nitrogen is generally contained under the category of inert gas, since nitrogen acts as a reactant ingredient in 
this invention, it is not contained in inert gas in this application. Therefore, the inert gas in this application 
points out rare gas (the 1 8th group element), such as helium, neon, an argon, a krypton, and a xenon, and it 
is especially desirable that it is an argon. 

[0046] The plasma which excited only inert gas is preferably used, when forming the silicide film. In this 
case, also as for the compound supplied, it is desirable that it is what contains neither oxygen nor nitrogen in 
that chemical structure. 

[0047] When the plasma contains oxygen, pollutants, such as carbon in the formed thin film, oxidize, and it 
is removed by operation of the oxygen, consequently there is an advantage that the film carries out 
eburnation. Moreover, in the case of the nitrogen plasma, when the plasma contains nitrogen, since the 
nitrogen is incorporated in a substrate and the nitrogen content silicate film or the nitrogen content 
aluminates film is formed, there is an advantage that diffusion of heteroatoms, such as boron, can be 
controlled, according to an operation of the nitrogen. In the case of the plasma which excited mixed gas, the 
content rate of the oxygen in the mixed gas or nitrogen is set up in consideration of an operation of the 
mixed gas, but the desirable oxygen content percentage is 0.1 - 50%, and the desirable nitrogen content 
percentage is 0.1 - 100% (the case of nitrogen is included altogether.). 

[0048] As for the exposure conditions of an energy particle, it is desirable that the metallic element which 
the compound which is adsorbing on a substrate decomposes and is contained in the compound is set up so 
that all may be introduced into a substrate by the exposure of the energy particle. By carrying out like this, it 
will be dependent only on the amount of adsorption of the compound which is sticking to a base material 
front face, and the atomic content of the metallic element introduced can raise the homogeneity within a 
field of an introductory metallic element extremely, the case where the argon plasma is applied as an energy 
particle — setting — the desirable condition « plasma developed pressure -- 10-4-10Pa ~ desirable — 10-3- 
lOPa - it is - plasma power flux density - 0.001 - 1 W/cm2 desirable - 0.01 - 0.1 W/cm2 it is . The 
metallic element which the compound which adsorbed on the substrate decomposes by the plasma, and 
contains in the compound according to such plasma conditions is introduced into a substrate. 
[0049] (Repeat of each step) It depends for the atomic content of the metallic element introduced each in a 
substrate by one actuation of the 1st step and the 2nd step on the amount of adsorption of the compound to 
which it sticks on the surface of a substrate. Therefore, the atomic content of the metallic element to 
introduce can be made to increase by repeating the 1 st step and the 2nd step. In addition, after a metallic 
element is introduced by the 2nd step in a substrate and a thin film is formed, that thin film acts as a 
substrate (in this case, a thin film and a substrate serve as homonymy.), and each step is again repeated in 
order of the 1 st step and the 2nd step. 

[0050] By such repeat, the atomic content of the metallic element in the thin film formed increases 
gradually. For example, when metallic elements, such as a zirconium or a hafnium, are introduced into a 
silicon oxide substrate, by repeating each step, the atomic content of metallic elements, such as a zirconium 
or a hafnium, can be increased gradually, and the dielectric constant of the formed thin film can be raised 
gradually (see below-mentioned drawin g 6 and below-mentioned drawin g 7 .). 

[0051] In the thin film formation approach of this invention, the step which supplies on a substrate the 
compound containing the metallic element of a different class from the metallic element supplied at the 1st 
step can be replaced with the 1st step, and can be applied to the timing of arbitration. Only the amount of 
arbitration can make metallic elements other than the metallic element supplied at the 1st step introduce into 
a thin film by replacing with and applying such a step to the 1st step. 

[0052] Such a step may be applied the 1st step and by turns, or may be applied every [ several times or ] 
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dozens of times, for example, and can be set as arbitration in consideration of the physical properties of thin 
film formed. As an example, it is the process which forms the zirconium silicate film, and the aluminum 
content zirconium silicate film is obtained by applying the step which supplies the organometallic 
compound (for example, trimethylaluminum) containing aluminum at fixed spacmg instead of the 1st step 
which supplies the organometallic compound containing a zirconium. Since this silicate film contains 
aluminum with crystallization depressant action and oxygen ionic permeability depressant action, a more 
desirable property is acquired. Moreover, the hafnium content zirconium silicate film can also be obtamed 
by applying the step which supplies the organometallic compound (for example, tertiary BUTOKI hafnium) 
containing a hafnium at fixed spacing. This silicate film has the membraneous degradation prevention 
operation at the time of up polish recon electrode deposition. 

[0053] moreover, this invention - setting - the 2nd step - simultaneously - or the carbon impurity which 
oxidizes and contains the carbon in a thin film after the 2nd step by performing heat treatment in an oxygen 
ambient atmosphere or exposure processing of an oxygen radical can be reduced, or eburnation of the 
silicate film can be carried out by a membraneous improvement of compensation of an oxygen deficiency 
defect etc. or the rise of a film consistency. Moreover, nitrogen can be made to contain in a thin film 
simultaneous in the 2nd step by performing exposure processing of a nitrogen radical, or exposure 
processing of the mixed radical of oxygen and nitrogen after the 2nd step. 

[0054] (The thin film formation approach through a protective coat) After repeating the 1st above- 
mentioned step and the 2nd step by turns on the (a) substrate 1 1 with which the protective coat 1 9 was 
formed as shown in - (g) of drawin g 3 , the thin film formation approach through the protective coat of this 
invention is an approach of removing the protective coat 19', as shown in drawing.3 (h). Here, the protective 
coat of a sign 19 pointed out the protective coat of the initial state formed beforehand, and, as for the 
protective coat of sign 19', the 1st step and the 2nd step have pointed out the protective coat after the 1-time 
each line crack and the introductory metallic element 3 were contained. 

[0055] According to this thin film formation approach, the thin film 15 is formed in the substrate 1 1 which 
appears after protective coat 19 ! is removed. Since this thin film formation approach introduces a metallic 
element 13 in a substrate 1 1 through a protective coat 19 and 19', it can prevent introducing elements other 
than introductory element 1 3 in a substrate according to an operation of that protective coat 19 and 19', or 
can form a thin film with few damages, such as a defect in increase and the insulator layer of the defect and 
roughness of a silicon substrate interface. Consequently, there are prevention of mixing of the contaminant 
to the thin film 15 formed and effectiveness according to rank that the homogeneous thin film of a low 
damage can be formed. 

[0056] This thin film formation approach supplies the compound 2 containing at least one sort of metallic 
elements 3 on the silicon substrate in which it formed on the silicon substrate by having used as the 
protective coat 19 the silicon oxide which comes to carry out thermal oxidation processing of the silicon 
substrate, and the protective coat 19 was formed (the 1st step), and irradiates an energy particle after that to 
the silicon substrate in which the protective coat 19 was formed (the 2nd step). At this time, a compound is 
disassembled by the energy particle and at least one sort of metallic elements which that compound contains 
are introduced in a protective coat and a silicon substrate. Then, the silicide film is formed by performing 
heat treatment in nitrogen, for example between the elements and silicon which were introduced in the 
silicon substrate. In this way, by operation of a protective coat 19, there are few damages and contamination 
also has little formed silicide film. 

[0057] In addition, as a protective coat 19, the silicon oxide formed on the silicon substrate, a silicon nitride, 
a silicon acid nitride, etc. can be mentioned. Moreover, although it can choose from various kinds of 
compounds mentioned above, when forming the silicide film, the organometallic compound containing 
refractory metals, such as a tungsten, molybdenum, titanium, a tantalum, and platinum, can be preferably 
used for the compound in this approach. Moreover, the conditions of others in the 1st step in this invention 
and the 2nd step are the same as the conditions explaining the 1st step mentioned above and the 2nd step. 
[0058] (Semiconductor device) The manufacture approach of the semiconductor device of this invention is 
the thing which it has in process about the thin film formation approach mentioned above in the production 
process of a semiconductor device. 

[0059] Since the thin film formation approach mentioned above can form the high dielectric constant 
insulator layer which consists of silicate film which, for example, made specific elements which carried out 
refractory metal installation, such as silicide film, a zirconium, and a hafnium, contain, aluminates film, etc. 
with the sufficient homogeneity within a field of thickness and membraneous quality, according to the 
manufacture approach of a semiconductor device of having such a film formation process in the part, it can 
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enable improvement in the degree of integration of semi-conductor ultra-large scale integrated circuits, such 

as an MOS transistor. 

[0060] 

[Example] An example explains concretely the thin film formation approach of this invention, and the 
manufacture approach of a semiconductor device. In addition, "%" which expresses the content of a metallic 
element or a gas-constituents element (oxygen, nitrogen, hydrogen answer) below is "atomic %." 
[0061] The 1st example of <the 1st example> is an example in which the hafnium silicate film was formed. 
Silicon oxide with a thickness of lnm formed by the oxidizing [ thermally ] method on the silicon substrate 
was used for the substrate. In the 1st step which supplies a compound on this silicon oxide, the tertiary 
butoxy hafnium {Hf (OtBu)4} which made the hafhium the introductory metallic element was used as a 
compound. In the 2nd step which irradiates an energy particle to the silicon oxide which is a substrate, the 
argon plasma was adopted as an energy particle. 

[0062] This example repeated this 1st step and the 2nd step by turns, and tried formation of the hafnium 
silicate film. First, after heating a substrate 103 to 300 degrees C, it controlled in the range of 295-305 
degrees C, and the tertiary butoxy hafnium which is an organometallic compound was heated at about 80 
degrees C, and the membrane formation room 101 was supplied for 1 second with the partial pressure of 
lOOPa through the massflow controller 106 (see drawing 2 .). The supplied compound did not autolyze, but 
it was controlled by such conditions in the membrane formation room 101 so that the amount of adsorption 
to a substrate 103 became fixed. Subsequently, it is the argon plasma which is an energy particle at the 
partial pressure of 1 Pa 0.1 W/cm2 Power was impressed and it was made to generate for 5 seconds. Such 1st 
step and the 2nd step were repeated by turns, and the hafnium atom of the specified quantity was introduced 
in the substrate. Finally the plasma of the mixed gas which made oxygen contain 50% in an argon was 
irradiated at the substrate, the carbon residue of the silicate film of a hafnium was reduced, and the oxygen 
deficiency was compensated. 

[0063] The following results were obtained in the 1st example. 

[0064] (1) When the pressure at the time of argon plasma generating was made into the range of 10-4-10Pa, 
the homogeneity within a field of membraneous quality and thickness was excellent. Moreover, it is plasma 
power flux density 0.001 - 1 W/cm2 When it considered as the range, the homogeneity within a field of 
membraneous quality and thickness was excellent. In addition, when it is made low voltage or high power 
flux density and the plasma was generated rather than the above-mentioned value, the damage went into the 
substrate and increase of an interface-state-density consistency was seen. 

[0065] (2) When performing heat treatment in an oxygen ambient atmosphere after irradiating the argon 
plasma, it is 2 0.1 W/cm at the pressure of lPa. Power was impressed, the argon plasma was generated, the 
argon plasma was irradiated for 60 seconds at the substrate, and it heat-treated in the oxygen ambient 
atmosphere after that. As heat treatment conditions, it was desirable to have processed about 1 minute at the 
temperature of about 500-950 degrees C in nitrogen-gas-atmosphere mind, an oxygen ambient atmosphere, 
or a vacuum, and after forming membranes with the thin film deposition system mentioned above, the 
approach of heat-treating succeedingly with the same equipment was still more desirable. Moreover, when 
oxidizing to an exposure and coincidence of the argon plasma, it carried out by irradiating the plasma of the 
mixed gas which makes it come to contain about 3% of oxygen in argon gas. 

[0066] (3) When nitriding to an exposure and coincidence of the argon plasma, it carried out by irradiating 
the plasma of the mixed gas which makes it come 3% to contain nitrogen in argon gas. In this case, about 
0. 1% of minute amount nitrogen contained in the film. 

[0067] Moreover, as shown in drawing 4 , the examination about the nitrogen addition effectiveness at the 
time of formation of the hafnium silicate film also went. As shown in drawing 4 , the nitrogen content in the 
hafnium silicate film also rose with the increment in the nitrogen content in mixed gas. In addition, although 
it was checked that oxygen contains in the hafnium silicate film even when nitrogen was 100%, this is based 
on the effect of the oxygen contained in silicon oxide, and the effect of the oxygen contained in a tertiary 
butoxy hafnium raw material. 

[0068] (4) After repeating the 1st step and the 2nd step which irradiates the argon plasma 10 times, heat 
treatment in the oxygen ambient atmosphere mentioned above was performed, and the thin film was formed. 
About the obtained thin film, the depth direction analysis of a film configuration element was performed by 
secondary ion mass analysis. Drawing 5 is as a result of [ the ] analysis. In addition, as a result of measuring 
the thickness of each class on a silicon substrate by cross-section TEM observation, it is 0.5nm Si02 on a 
silicon substrate. Through a layer, l.lnm silicate layer (film) is formed and it is 0.4nm Si02 in a front face 
further. It turned out that a superfluous layer is formed. 
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[0069] (5) Drawing 6 is drawing showing the effect of the count of a repeat of the 1st step and the 2nd step 
affect the hafnium content and silicate thickness in the formed silicate film, and drawin g 7 is drawing 
showing the effect of the count of a repeat of the 1st step and the 2nd step affect the specific inductive 
capacity of the formed silicate film. 

[0070] It went up almost linearly as the count of a repeat of the hafnium content in the silicate film 
increased. And it went up almost linearly as the count of a repeat of the value of specific inductive capacity 
increased, and it changed continuously from the specific-inductive-capacity value 4 of a silicon oxide in 
case the hafnium is not introduced to the specific inductive capacity 12 at the time of containing a hafnium 
50%. Therefore, the content of the hafnium introduced into silicon oxide 15 was able to be made to have 
been able to increase to a linear, and the specific inductive capacity of a thin film was able to be made to 
increase to a linear by repeating the 1st step and the 2nd step by turns. Moreover, the hafnium introduced in 
this way was extremely introduced into homogeneity into silicon oxide. 

[0071] On the other hand, although the thickness of the silicate film increased a little with increase of the 
count of a repeat, it suited the saturated inclination more than from a certain thickness. Moreover, by the 
silicate film of 50% or less of hafnium contents, after 1050-degree C heat treatment did not cause 
crystallization, a upside polish recon electrode did not react further, and degradation was not seen. 
[0072] (6) Drawing 8 is the hafnium silicate film which carried out 10 cycle repeat ****** of the 1st step 
and the 2nd step Si02 The relation between the thickness at the time of converting into the film and an 
electrical property (leak property) is shown. The hafnium silicate film is Si02. Compared with the film, 
leakage current was reduced sharply. 

[0073] (7) In the 1st example of this invention, the gaseous phase reaction of a raw material and water was 
able to be completely controlled by always keeping the water partial pressure in the membrane formation 
room 1 at 10 - 3 or less Pa. Furthermore, in this 1st example, the organometallic compound carried out 
saturation adsorption theoretically, and since the metallic element which that compound contains was 
introduced into homogeneity by the plasma exposure in the substrate, thickness and the homogeneity within 
a field of the introduced metallic element were able to be made very good. 

[0074] the field internal division cloth of thickness - a spectrum - as a result of the thickness measurement 
by ellipsometry, it was **0.1nm or less in the 8 inch wafer side, and the field internal division cloth of the 
atomic content of a metallic element was **0.1% or less. In addition, when substrate temperature was 
changed into 350 degrees C and 400 degrees C and the same membrane formation experiment was 
conducted, at the above-mentioned temperature, the intense autolysis of an organometallic compound 
occurred and the homogeneity of membraneous quality and thickness was spoiled. This was for an 
organometallic compound to autolyze violently above 300 degrees C, and for growth by the usual CVD 
reaction to advance. 

[0075] In addition, when the same effectiveness was acquired as an organometallic compound also when the 
acetylacetonate hafniums and diethyl amide hafniums other than tertiary butoxide are used, and a tertiary 
BUTOKI zirconium, an acetylacetonate zirconium, and a diethyl amide zirconium were used, it checked that 
the zirconium silicate film could be formed. In addition, also in these ingredients, at the substrate 
temperature of 300 degrees C or more, since the intense autolysis of an organometallic compound arose, 
homogeneity good as 300 degrees C or less was able to be acquired for substrate temperature. 
[0076] The 2nd example of <the 2nd example> is an example in which the hafnium aluminates film was 
formed on the silicon substrate covered with 20aluminum3 film. The thing in which lnm of 20aluminum3 
film was formed on the silicon substrate was used for the substrate. This 20aluminum3 film was formed by 
the atomic layer depositing method for having used trimethylaluminum and H2 O for the raw material. In 
the 1st step which supplies a compound on this aluminum203 film, the same tertiary butoxy hafnium {Hf 
(OtBu)4} as the 1st example was used as a compound. In the 2nd step which irradiates an energy particle to 
20aluminum3 film which is a substrate, the argon plasma was adopted as an energy particle. 
[0077] This example repeated this 1st step and the 2nd step by turns, and tried formation of the hafnium 
aluminates film. First, the 1st step and the 2nd step were repeated by turns on the same conditions as the 1st 
example except having performed each actuation, after heating a substrate to 200 degrees C. Consequently, 
like the 1st example, the hafnium atom was introduced into aluminum203 film, and the hafnium aluminates 
film was formed through 20aluminum3 film on the silicon substrate. 

[0078] Like the 1st example, by changing the count of a repeat from 10 times to 60 times, adjustable [ of the 
presentation of the hafnium aluminates film ] could be carried out from about 10% to about 50%, and the 
value of the specific inductive capacity at that time changed from about 10 to 20 also in this 2nd example. 
[0079] By the aluminates film of 50% or less of hafnium contents, after 1050-degree C heat treatment did 
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not cause crystallization, a upside polish recon electrode did not react further, and degradation was not seen. 
In addition, about others, membranes were formed on the same conditions as the 1st example, and the same 
result was obtained. 

[0080] The 3rd example of <the 3rd example> is an example in which the lanthanum silicate film was 
formed Silicon oxide with a thickness of lnm formed by the oxidizing [ thermally ] method on the 8 inches 
silicon substrate was used for the substrate. In the 1st step which supplies a compound on this silicon oxide, 
the dipivaloyl meta-NETO (DPM) lanthanum {La (CI 1H1 902)3} which made the lanthanum the 
introductory metallic element was used as a compound. In addition, DPM of a lanthanum was white powder 
at the room temperature, made the solution which dissolved this by 0.1 mol/L into butyl acetate evaporate at 
a rate of 0.1 g/min, and was supplied to the membrane formation interior of a room through piping which 
heated at 200 degrees C or more. The exposure partial pressure of Lanthanum DPM is lOOPa, and in the 
partial pressure of lPa, the argon plasma impressed the power of 10W and was generated. In the 2nd step 
which irradiates an energy particle to the silicon oxide which is a substrate, the argon plasma was adopted as 
an energy particle. 

[0081] This example repeated this 1st step and the 2nd step by turns, and tried formation of the lanthanum 
silicate film. The lanthanum was introduced into silicon oxide and this example as well as the 1st above- 
mentioned example and the 2nd example checked that the lanthanum silicate film has been formed with very 
sufficient homogeneity. 

[0082] The silicate film which contains a lanthanum 50% did not react with upside polish recon by 1050- 
degree C heat treatment, and degradation was not seen. The same effectiveness was acquired even if it used 
a terbium, the erbium, the holmium, the dysprosium, and the DPM compound of PURASEOJIUMU besides 
the lanthanum. 

[0083] The 4th example of <the 4th example> is an example in which the lanthanum aluminates film was 
formed. The thing in which lnm of 20aluminum3 film was formed on the silicon substrate was used for the 
substrate. This 20aluminum3 film was formed like the 2nd example by the atomic layer depositing method 
for having used trimethylaluminum and H2 O for the raw material. In the 1st step which supplies a 
compound on this aluminum203 film, the dipivaloyl meta-NETO (DPM) lanthanum {La (CI 1 HI 902)3} 
which made the lanthanum the introductory metallic element was used like the 3rd example as a compound. 
In the 2nd step which irradiates an energy particle to 20aluminum3 film which is a substrate, the argon 
plasma was adopted as an energy particle. In addition, about Lanthanum DPM, it is the same as the case of 
the 3rd example. 

[0084] This example repeated this 1st step and the 2nd step by turns, and tried formation of the lanthanum 
silicate film. The lanthanum was introduced into the alumina and this example as well as the 1st above- 
mentioned example and the 2nd example checked that the lanthanum aluminates film has been formed with 
very sufficient homogeneity. 

[0085] The aluminates film which contains a lanthanum 50% did not react with upside polish recon by 
1050-degree C heat treatment, and degradation was not seen. The same effectiveness was acquired even if it 
used a terbium, the erbium, the holmium, the dysprosium, and the DPM compound of PURASEOJIUMU 
besides the lanthanum. 

[0086] The 5th example of <the 5th example> is an example in which the titanium silicide film was formed. 
The silicon substrate which rare fluoric acid was made immersed 1%, and removed the surface natural 
oxidation film was used for the substrate. In the 1st step which supplies a compound to this silicon substrate, 
the tetrakis diethyl friend titanium {Ti[N(CH3) 2] 4} which is the compound which makes titanium an 
introductory metallic element and does not contain oxygen as a compound was used. In the 2nd step which 
irradiates an energy particle to the silicon substrate which is a substrate, the argon plasma was adopted as an 
energy particle. 

[0087] This example tried formation of 10 cycle ********** titanium silicide film for this 1st step and the 
2nd step by turns. First, after heating a substrate to 300 degrees C, it controlled in the range of 295-305 
degrees C, and the tetrakis diethyl friend titanium which is a compound was heated at about 80 degrees C, 
and the membrane formation room was supplied for 1 second with the partial pressure of lOOPa through the 
massflow controller. The supplied compound did not autolyze, but it was controlled by such conditions of 
the membrane formation interior of a room so that the amount of adsorption to a substrate became fixed. 
Subsequently, it is the argon plasma which is an energy particle at the partial pressure of 1 Pa 0.1 W/cm2 
Power was impressed and it was made to generate for 5 seconds. Titanium was introduced for such 1st step 
and the 2nd step in 10 cycle ********** and a silicon substrate. Finally, it annealed for 500 degree C and 
10 minutes in nitrogen, and the titanium silicide film with a thickness of about lnm was formed. 
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[0088] The 6th example of <the 6th example> is an example in which the cobalt silicide film was formed. 
The same silicon substrate as the 5th example which rare fluoric acid was made immersed 1%, and removed 
the surface natural oxidation film was used for the substrate. In the 1st step which supplies a compound to 
this silicon substrate, the tris dipivaloyl METANATO cobalt {Co (CI 1 HI 902)3} which is the compound 
which made cobalt the introductory metallic element as a compound was used. In the 2nd step which 
irradiates an energy particle to the silicon substrate which is a substrate, the argon plasma was adopted as an 
energy particle. 

[0089] This example is the same approach as the 5th example, and tried formation of 10 cycle ********** 
cobalt silicide film for this 1st step and the 2nd step by turns. In addition, like the lanthanum of the 3rd 
example, tris dipivaloyl METANATO cobalt was white powder at the room temperature, made the solution 
which dissolved this by 0.1 mol/L into butyl acetate evaporate at a rate of O.lg / min, and was supplied to 
the membrane formation interior of a room through piping which heated at 200 degrees C or more. The 
exposure partial pressure of a cobalt compound is lOOPa, and in the partial pressure of IPa, the argon 
plasma impressed the power of 10W and was generated. 

[0090] Cobalt was introduced for such 1st step and the 2nd step in 10 cycle ********** and a silicon 
substrate. Finally, it annealed for 500 degree C and 10 minutes in nitrogen, and the cobalt silicide film with 
a thickness of about lnm was formed. 

[0091] The 7th example of <the 7th example> is an example which formed the titanium silicide film through 
the protective coat. After making rare fluoric acid immersed 1% and removing the natural oxidation film of 
a silicon substrate surface, the silicon substrate in which rapid thermal oxidation for 850 degree C and 4 
seconds was performed in the oxygen ambient atmosphere, and silicon oxide with a thickness of 1 .5nm was 
formed was used for the substrate. In the 1 st step which supplies a compound to the silicon substrate in 
which this silicon oxide was formed, the tetrakis diethyl friend titanium {Ti[N(CH3) 2] 4} which is the 
compound which makes titanium an introductory metallic element and does not contain oxygen as a 
compound was used. In the 2nd step which irradiates an energy particle to the silicon substrate in which the 
silicon oxide was formed, the argon plasma was adopted as an energy particle. 

[0092] This example formed 10 cycle ********** titanium silicide film for this 1st step and the 2nd step by 
turns. The condition is the same as the 5th example. Finally, it annealed for 500 degree C and 10 minutes in 
nitrogen. While titanium was introduced also into silicon oxide and silicate-izing, the titanium silicide film 
with a thickness of about 0.5nm formed in the silicon substrate. 

[0093] The silicate layer (film) carried out dissolution removal by rare fluoric acid 1%, and exposed the 
titanium silicide film. Since processing was performed through silicon oxide, the formed titanium silicide 
film was able to be silicate-ized in the condition of not giving a damage as much as possible. 
[0094] The 8th example of <the 8th example> is an example of the manufacture approach of a 
semiconductor device 30 of having the thin film formation approach of this invention in process. 
[0095] Dra wing 9 (d) is the sectional view of n mold transistor concerning the 8th example. On 3 about 
[ 5x1 01 5cm high impurity concentration to ] n mold single crystal silicon substrate 20, the component 
isolation region 21 of STI structure is formed. Moreover, p well (not shown) is formed in n mold transistor 
formation field. 3 about [ 5x1 01 6cm high impurity concentration for controlling a threshold to ] p mold 
channel impurity layer is formed in the transistor field separated in this component isolation region 21 (not 
shown), and the source-drain field 22 which consists of an n mold diffusion layer which is about 
[ 5x1019cm high impurity concentration to / 3 ] is formed. On the channel field 23, the silicate film 25 is 
formed through silicon oxide 24 (0.5nm of thickness). On the silicate film 25, the gate electrode 26 which 
consists of polycrystalline silicon and a tungsten is formed. Moreover, each source-drain field 22, and each 
source electrode and drain electrode 28 which flowed electrically are formed through the contact hole 
prepared in the interlayer insulation film 27. Furthermore, the whole is covered with the passivation film 29. 

[0096] Hereafter, sequential explanation is given using d rawing 9 about the manufacture approach of n mold 
simple substance transistor. 

[0097] First, the front face of n mold single crystal silicon substrate 21 is washed by the cleaning method 
using a hydrogen peroxide, ammonia, and the mixed water solution of a hydrochloric acid. Since it is the 
purpose that this washing washes the front face of the single crystal silicon substrate 20, it cannot be 
overemphasized that cleaning methods other than the above may be used, next, RIE (Reactive Ion Etch) 
after forming p well on a silicon substrate 20 — it trenches on a silicon substrate 20 using law, an insulator 
layer is embedded in the slot, and the component isolation region 21 of a trench mold is formed. Then, after 
forming silicon oxide 24 with a thickness of lnm, a channel ion implantation is performed and p mold 
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channel impurity layer (not shown) is formed. Furthermore, p mold channel impurity layer is activated by 
800 degrees C and RTA for about 10 seconds (Rapid Thermal Anneal) ( drawin g 9 (a)). 
[0098] Next, the hafnium silicate film 25 is formed by the thin film forming method concerning this 
invention. By repeating alternately the 1st step which supplies a compound, and the 2nd step which 
irradiates the argon plasma 10 times, the silicate film 25 which about 10% of hafnium contained was 
formed. Then, an oxygen radical exposure and 750 degrees C, and heat treatment for 10 minutes among an 
oxygen ambient atmosphere performed reduction of the carbon in the film, and compensation of an oxygen 
deficiency. By the above process, it is 0.5nm Si02 on a silicon substrate. A layer is minded and it is 0.4nm 
Si02 to a 1 . lnm silicate layer (film) and the maximum front face. The rich layer was formed. 
[0099] Next, the gate electrode 26 which consists of polycrystalline silicon by low voltage vapor growth 
(LPCVD) is formed. In this way, a photoresist pattern (not shown) is formed on the formed gate electrode 
(polycrystalline silicon) 26, and patterning of the gate electrode 26, the silicate film 25, and the silicon oxide 
24 is carried out by the anisotropic etching using this as a mask for etching ( drawingjg (b)). 
[0100] Next, the source-drain field 22 is formed in self align by injecting into a silicon substrate 20 the 
arsenic which is impurity ion, using a photoresist pattern, the gate electrode 26, the silicate film 25, and 
silicon oxide 24 as an ion notes necessary mask ( drawin g 9 (c)). 

[0101] Next, a photoresist pattern is removed and heat treatment for activation of the source-drain field 22 
and the gate electrode 26 (1 atmospheric-pressure nitrogen-gas-atmosphere mind, 1000 degrees C, 1 second) 
is performed. Next, an interlayer insulation film 27 is formed. Next, the contact hole which even the source- 
drain field 22 and the gate electrode 26 attain is formed, after depositing Co and TiN (not shown) and 
performing 700 degrees C and RTA (Rapid ThermalAnneal) processing for 10 seconds in nitrogen, 
patterning of this is carried out and a source electrode, the regular drain electrode 28, and the regular gate 
electrode 26 are formed ( drawing 9 (d)). 

[0102] Furthermore, nitrogen: Perform 400 degrees C and annealing for 10 minutes in hydrogen ratio 9:1 
ambient atmospheres, and obtain the transistor which is the semiconductor device 30 which finally forms the 
passivation film 29 in the whole surface, and is shown in draw_Lng_9 (d). 

[0103] The interface-state-density consistency of the interface of the silicate film 25 and the gate electrode 
(polycrystalline silicon) 26 which are gate dielectric film of the transistor created at the above-mentioned 
process was 7x101 0/cm2eV, and was the almost same value as the interface-state-density consistency of the 
interface of the silicon oxide and the gate electrode which were formed by the usual thermal oxidation. This 
is because the silicate film 25 is formed in the upper part through silicon oxide 24 thin in the invention in 
this application, so generating of a damage can be reduced. The gate capacitance of a transistor became a 
twice [ about ] as many value as this compared with the case where the silicon oxide of the same thickness is 
used, and the effectiveness of using the insulator layer of a high dielectric constant for the gate was proved. 
Thus, when actuation of the created transistor was checked, it is **** about normal actuation. Moreover, by 
the thin film formation approach of this invention, since it excelled in the homogeneity within a wafer side 
of the silicate film 25 which is especially gate dielectric film, dispersion within a field of the threshold 
voltage by thickness fluctuation could be suppressed to 1% or less, and dispersion within a field of the drain 
current by thickness fluctuation was also able to be suppressed to 1% or less. 

[0104] Moreover, in the structure of the above-mentioned semiconductor device 30, even when a silicon 
germanium mixed-crystal object was used as a gate electrode 26, the same effectiveness as the case where 
above-mentioned polycrystalline silicon is used was acquired. When the same transistor was created using 
the aluminates film or silicate film of the aluminates film of a hafnium or a zirconium, and a lanthanum, 
normal actuation was shown and the same effectiveness was acquired. 

[0105] The 9th example of <the 9th example> is also an example of the manufacture approach of a 
semiconductor device which has the thin film formation approach of this invention in process. 
[0106] Dra win g 10 as well as the 8th example is the sectional view of n mold transistor. Drawing JO (a) 
formed beforehand the component isolation region 21, the source-drain field 22, the silicon oxide 24 that is 
gate dielectric film, the gate electrode 26 which consists of polycrystalline silicon, and the semiconductor 
device which consisted of channel fields 23, after that, formed the silicate film 31 in the component isolation 
region 21 with the application of the thin film formation approach of this invention, and formed the silicide 
film 32 on the source-drain field 22 and the gate electrode 26 ( drawing JO (b)). Then, about 1% of fluoric 
acid removed the silicate film 31 formed on the component isolation region 21, and the semiconductor 
device 20 shown in drawing 10 (c) was manufactured. 
[0107] 

[Effect of the Invention] Since the 1st step and the 2nd step are repeated by turns according to the thin film 
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formation approach of this invention as explained above, the specific element of the amount of requests can 
be introduced into a substrate by choosing the count of a repeat. By this thin film formation approach, 
specific elements, such as a tungsten, molybdenum, titanium, a tantalum, and platinum, are introduced into a 
silicon substrate, and they are specific metallic elements, such as a zirconium, a hafnium, and a lanthanum, 
in forming the silicide film with the sufficient homogeneity within a field of thickness and membraneous 
quality **** Si02 The high dielectric constant insulator layer which introduces into the film or 
aluminum203 film, and consists of silicate film or aluminates film can be formed with the sufficient 
homogeneity within a field of thickness and membraneous quality. 

[0108] According to the manufacture approach of the semiconductor device of this invention, thickness of 
the silicide film can be made more into homogeneity in a wafer side, and, thereby, it is effective in the 
ability to control the variation within the wafer side of contact resistance within 1%. By such manufacture 
approach, improvement in the degree of integration of semi-conductor ultra-large scale integrated circuits, 
such as an MOS transistor, is enabled. 
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PROBLEM TO BE SOLVED: To provide a new thin film forming # 
means where a particular metal element is introduced into a a 
substrate, a method of forming a thin film, which forms a thin film ^ ^ 
composed of a silicide film, a silicate film or an aluminate film on the %H I.XN. N X \\ t^j 
substrate having the proper in-plane uniformity of a film thickness v j | j ■ j ^ 

and film quality, and to provide a method of manufacturing a J^^ga^gg^^ <-2 

semiconductor device using the forming method. ** 1 L ; v*V s v^v^J'\N 

SOLUTION: The method of forming the thin film, which alternately 4, 
repeats a first step of supplying a compound 2 that contains at least 

one kind of a metal element 3 on the substrate 1, and a second step «n : [ \X ^\^\'v^T ' ^ 
of irradiating energy particles 4 to the substrate in order to ^ 
introduce the metal element 3 into the substrate 1. At this point, it 

is preferable that the compound 2 is adsorbed on the substrate in a ^ <%^^%%@^%T ~' 

saturated manner, and it is also preferable that the energy particles 
are of plasma forms. The method of manufacturing the 
semiconductor device has the method of forming the thin film in its 
process, and consequently, the silicide film, the silicate film or the 
like is formed in the semiconductor device having the proper in- 
plane uniformity of the film thickness and the film quality. J . w , 
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P>f/U>** — h (DPM) *7>^ lLa (C11 H 

19 0 2 ) 3 } , ^KfflV^b^o 50 
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[0 0 3 5] _kfE<7)9^ ®OW«AJH<t*«5tt, i"V 

[0 0 3 6] ^l^.fs'^Cfo'^T, it^-mt, =t(D\\L 
I4\ R£^l*lw*#ffiSr 1 0 -3 p a KkTlc&W-tz - t 
SLTKt^-fSrtmS. Will *m&JK{fc3- 

•a-ic*5^xii, ssoassr, ffa (20m) **<b 

3 0 0 c Ct7?®siaiwlS:^i-5r t^ifSLW J;0*^&!3 

[0037] it-tmit, mm±^maw.mi-z> ~ t aw 

rfiSfpK»J ill, «t5S*sW*&Stifc<b-g-ife^J:oT 

[0 0 3 8] ^clc, Wll *"r-y7\Z\&rtZ)lk'g-V!)<Dmt£ 

[0 0 3 9] 12 2 14, **W©»«JU**ffi-Cffl^<5* 
SlffM^gl 0 OcD-flriJ&^-TftElil&H-efeS., fiJcllg^l 
0 1(4. b'^^TiOy^ K7 y^^-jKv-^^feJica 

^p*9C0-<— ^.K^iSl4 1 0-" Pa»mO, fc<Dftl£ 
ItmiZl 0- 3 P a «T»C«fcaS. -<-^«^*<b7k<^ 
#EE AS r. roffl ^r® i -5 n , Jgg* i: (OBJ "Cii 
cvDSfiSMcsrtt/iS. ss«±»»^tt7-^*^ 



* 

juMl 0 4 £14, ttih/</uy 1 1 0 i;-7X7n-3y h 
*fc. w(7>»K«rtSSBi 0 

t5fcft^t-?lO 2^8fSntfc9, StRl 0 3 
ttt-^ 1 0 2T*ADSft$tt5o :^IiMgllOO 

tt5 0 10 

[0 0 4 0] mi <oflt«*«tt, »»ofb*4fc«:Bf*« 

=i> hP-7 10 6 ^ITSIf 1 0 1 (CagAi-^W 

^I0 3±l:«t5fc^c, 8H0 0l:it 

7 10 6. te£VMjts<fr7i l 0^fe4«tt««tt*s 

[0 0 4 1 ] » 2 (Dffet&^ftM:, Kfl:7X7o-3yF 
o^ll 1 f-J: 9**o<k^»^tt*Sr»J|l|lL, 20 

*ft«l 0 9-C«flc«r«{bS-a:T*aai 0 lie* 
At5»ftfa"Cfc5, r^JB2^«»#«rtMb**<0 
^^S«i 0 3±(:«f5/c^C, lilOOl: 
14, MIWKWS/U^^l 1 2, }S(*:«riPffiLTa6«-t-S 
tz&bco^ y l 1 3, ^fr^r^^D — 3> 

hn-7 111, j<tfb»i 0 9, *3j:tf*tJt^^^l 1 

[0 0 4 2 ] r*te>O2a0<O«j»#Sk^*3U^T, JPj?S 

Ii, ^-^ty-Zh^i/Kf) lc:*tLTt4, -^^^n 30 

>f/U>*.*-h (DPM) « l^ltlj:, StfbSlO 
9 fcfflv^5» 2 L < i@J3 ZtlZo 

[0 0 4 3 ] «2^7^) fg 2*7^X14, Sffi 1 
{-^LT^^/U^~m-?4^BS^i-^)^7 1 ^7 P T^5o 
: (^>S 2 ^ r ^ ^-ellt S tt 6 x^/u^e^ 4 1 j;^ ± 
m Lfc* 1 *x s/ XT'StS 1 ±^fM££^/c{L-g^ 2 £ 

7c* 3 £S« 1 ^*A-T 3 J: ? icf^ffl-r 5 0 40 
[0 0 4 4 ] ^/U^-&^4f4, ±3*Lfcf^fflSr*-r 

#*SixT»«$*l5. aflf, X7X-^j&$#* L<iS*R 

^tl^o 50 
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[0 0 4 5] X7X7II jEA^W**t^dS*#LT« 
^Mglf:X7X-7, <D»*>fei»l£*LS 1^7 

x-7-e*>5riis»4Lt\ m^x^x-e^ 

KzMSSrigT (0. l-l0%8fi) ^t$«tJ: 
[0 0 4 6] 3pfStt^O*S:ajeLfc^7X^tt, > 

4§^{ci4. mztstiz fb*» hz<Dik¥mm*{z mm* 

[0 0 4 7] ^9X^^»*Sr^tf»^l-tt, -t^** 

^^Sr®e$itfc^7X^<0^^*3V^, -toil 
0. 1 — 5 0%-C&f9, »*LV^*^*J^f40. 1 

-100% (±Ta*o»-&S:-&b. ) -CfeS, 
[0 0 4 8] 3:*^*— ffi-T-^HRIt*^!*, S«±(-p^ 

ffil-K* UT^S{k^«5<75K«a(D*^«#-r5 r 4: «ir 
T*t5„ tt^fc LrT^^V^^X^Sralffl 

ffi^/j^ ^K«10- 3 -10Pa 
-e#>9, ^7X-7tM«*0. 001-lW/cm 
2 , ^^t<!40. 01—0. lW/cm 2 T*fc3 0 * 




(7) 



&JR^*a*StK*U:»AS;h,3. 
[0 0 4 9] {&xTiy7<Dm*)i&U %\^"rv-7k 

<fc 9 S^f*3 lw&JRX*#i*A £ titSK^M $ titz'ik 

[0050] r 5 LfclftDigUwiO, T&ricSftSWBt 
> y = >^ftfeSS(c ^vu 3 - * A * fc^N^ - £ -A3? 

[0051] ^mm^mmm^m^^x^ mi* 20 
zzkbzjiv, mi *Ty^xmi&£tiz&m7zmEift 

<D&m,7tm$:. WK*(c:ttS(0*tfjJ-3|tAS**wfc*s 

[0 0 5 2 ] *9 U^C^-T 1 ^^, fRl ^f^rtJI 
5o **fliLtlt v/';^n^Ayy^ MR SrJgj* 
^ 5 WW&JIWb** (fflJx.fi, h y > 9vUT/u$ = * 

*i-S*#AJWk'frft (ffllx.fi, ^->t!)-^h=3f« 40 
[0 0 5 3] *fc, **W^*5^T, 82^ry/fcH 
±0, v"; -Jr- MKr«*ffcS*5- t*s-rft5. * so 
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m2^yytmm\^tc\±m2^y-^<om^. 
[0054] (&mm&fr^tzmmMf&jjm) 

fft8IIRS:^Lfc»K«fifc*Sfett, H3W(a)-(g) 
$ N 03 (h) (^-fcfc^l^ t(7)«19' 

ii, SSi ^x^^tm2^^^7 p ^^-.[pi^n, #A 

[0055] r commmi&ijmcxtiii. i%mm 1 9 ■ 

T^5o r^WMBJ^fett, ftRRl9, 19' Sr» 
ITSSl 1 f*I(C&g^ l 3t»At5©T, 
BK19, 19' 0)fPffltJ:0 4 *A^13^0tc 
**5S«rt»c:#A$*t*^)SrKv^*:0, v^yaySfiff 

BEi 5— o^^a^SA^BSih^ fS^-v^i^f! 

[0056] i«>?HBI^*ife»4, 0U;ttf, 

^^s^jiic. '>/«c< 1 1 imo&iRjcm 3 

$tLfc~>yf--Y KBttt. HMIKl 9eo^fflictij, 
[0 0 5 7] /£*3, 19i LTfi, •> D => >S® 

y = v'iftikBt. -> y => ^n», -> y => 
[0058] (*m<*mw) *&wv>*mft$iw.<omm 




(8) 



[0 0 5 9] ±jeu/t»BI»**«fett, 0»JA(J. KHA 

MR«^&«SiKRm*«l»«r. JBtJ¥*3 ±t/« «coS 
*o-»^#r&***S6«oaiJ»^*KJ;Jx«* MO 

&*im^£*&z> z t 10 

[0 0 6 0) 

*>, jKTteisv^, &mjtm*?x *$Lftitm mm. m 
m, *m®) <a***«r*i- r<>/ 0 j a rj^%j 

[0 0 6 1 ] <^lH5S0iJ>^ll|Jg0iJli, /n^^^A 

SB 1 ^v^^KSJi^Tfi, ft^fttLT, ^7^^^ 
^•A^MTC^t Lfc*—>-* y— y i^ry • ^:7~*J* 
iHf (OtBu) 4 } SrJH^fco S«tfe5v9=y 
BMbBtfcS* Itx^/^-Si^^Mt^S 2*Ty7 

Lfc 0 

[0 0 6 2] *HJfiflajji, X7y7 9 <l:l2^f 

295-305 'COffBKlMfli U **&«{b£*-C 30 
— is* V —7 h^ry • ^7^^^8 O^tcflfl 

opat'i 9nAm i o i tzmsi^tc m 2 

HBo ) „ JSJK^I 0 1 rtor 9 Lfc^fcJ; 9, tftii&£ 
;frfc<b*4fcttBB#W*1\ SSI 0 3^w«#**s— 

fc57yU^>7 P 7X-7^, ^ElPatO. 1 W/ c m 
7 t y^ , t*2^7 l y^i:S:S5S^«ki9igL-C. S«rt^ 

U Lfc. 

[0 0 6 3] mi *16«|C*5t^'C, KT<OJ»»3&S»6iX 

fco 

[0 0 6 4 ] (l) T/is^^Z?? X-?$£t£K$(DE.t)$: 1 
0" 4 ~i 0 P acof&[i£ tfc<t#, KW&tfBSJStoffirt 
*S"tt^gnt^fc D £fc, /7X-7lM'SS:0. 0 
01-lW/cm 2 ^ftEffli Lfci: RRRtfKffO 




^liUlMS(at7 ( 7Xvj:M$«^ gSfc 
^ - v^A 9 oif*** jl feixfc. 

[0 0 6 5] (2) T/U^V^^X-^SrffiltLfc^^K 
*#H«*^0»&3*fT 5 JE^l PaT'0. 

IW/cm 2 Wfii?rM lt7^^y^7 

T, 5 0 0-9 5 0tt«(Ofi« -e 1 ^iSfeits r 
fc. £fc, T/u^^zfrX^iDmttbmiZlztttik&ft? 

r * 5 a^#* co ^ x-v srfiaw-r 6 r. t k ± o ffo 

fee 

[0066] (3) r/u^^^x^oflatttpRtjca 

fc. ra>#£fc*5i^t\ Bt«t»»c:*jJ:-to. i%co^*M 
^tf^W$nfc 0 

[00 6 7] £fc, [24 fc*H-«fc 5 fc, A7 = ^y!) 

fc 0 H4l:*tJ: 5fc, M&tf*^<Dmm^^<Dmn 
Wot, ^7z^^y^hg^n^ttU 

#Lfc 0 4*5, H^10 0%Oi:tT*t)^7^9^y 

w*ttt, v-y ^^^b^^^^tisge^oo^Si:, 

[0 0 6 8] (4) lUf^iT^y/yX'?^ 

Lfctt^HjK + ^^aSrtToTWat^bfco 
t#bft,fc»Bilfco^T, 2ft^^v«S:^WI-i: , 9JK« 

fc£ 0 4*5, is 9 3 ^£«±<D#Jl<z>Jp:££»rffiTEM 
tBfR(CJ: OJiteLfctt*, v-y^^Sffi±^0. 5nm 
OSiOz l^LT, 1. lnmy^-h| (g) 
dSJBjsHStb, $ Jb(C^ffi(C(10. 4nmOSi0 2 i§f»J 

[0 0 6 9] (5) H6ti N »*S*tfc^y hJII^ 

i^fo^ B7it j&jitztitii/v vwk(otmmm 

ic&tf-T, ffi 1 ^7 i 2y^i*2^7 l y7 p O||k0iSUia«[ 
[0 0 7 0] ^y^-h^O/N7^^AMfll Mk 

0 5SLs*^i«-r«caoT, «ffaD»w»c±#Lfc. * 

iSiEj»Wt-±»L. ^7^^A^A^jitP<i:i^ 



oisi-wtfcj:*), *>y =>>mtmi sicm^tn^ 

[0 0 7 1 ] y MB©BI»f4, tt^igUil 

fPt-5«^](cfeofc 0 /N7^^§ti5 0%B 10 

[0 0 7 2] (6) HI 8 ^U77^I2^77 
^irS: 1 0*^^yu|ftOiSLTJBricUfc^7 = ^AS/y 
v--hBI^S i0 2 «Jwtft»Lfc»&^|»|Ci:««»tt 

^!i^hB(t S i 02 W£tt^T:fc«fcy— 

[0 0 7 3 ] ( 7 ) 1 *«S«-Ctt, /Sfil^ 1 20 

ft<Z>7k#JE£fif U: 1 0 - 3 P a JWTJ^o:: ^CJ: I9\ JER 

[0074] Kff^ssrt^tt, y/y^ h y - 

te±5RJWH£oj|**, 8>f >-^£:x/Nffirt-e± o. 1 
±0. l%KKfcot 4*5, S«aKSr3 5 0t:*5 

it/4 o o < Cfcac*.rn*«5riwiiiitfTofc4: r. 

u Kjravatffcoisi— ttiiniftt>nfc. mils 3 o 
o«CK±TiitMift^w«u< §b»»u as 

0CVDRit^J:S***safT-r6fc«)t?*>ofc a 
[0 0 7 5] 4*5, LTtt, ^ — 

tc*5i^Tk, SSJ&S3 o otw±^teW«&JR{b&«i 
T i: L T ft # 4*9 -tt # S fc. 

[0 0 7 6 ] <^2^»J>I2^S«, A 1 2 Oafl^ 

1 z O3R* 1 n Lfc t OSrfflPfc 0 ~(OA 1 2 O3 so 
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{Hf (OtBu) 4 } Srffl^fCo lffit*fcSAl203 

[0 0 7 7] #mmmz, ^.(omi ^77/^2^7 

[0 0 7 8] r<0*2S?H£«tC*5^Tt, ^l»Jt 

iSftoiguajtssri o\B\frb6 om&xmt&it 

[0 0 7 9] /N7^9^tt5 0%£lT«>T^$*— 
MR-Ctt, 1 0 5 OlC©«Mfilllt>ll*fttfiiSf, 

* fe^ttJzSpcosKy ->y aytstts^f, 3&ffcte 

[0 0 8 0] <JB3**«>*3*MS«tt, y>^>> 
y v— M»Sr»filtLfc«-Cfc*. SSKJi, 8-rv^-cD 
v-y 3^**±K*!«ft;8fe-e»rilLfcff S 1 nra^D 

*^**A^JR5c*i: Ufc^^p^fyu^^^— h (D 
PM) • y>*> { L a (C11H19O2 ) 3 ) 3rJ3l^ 
f: e 4*5, 7>-^>C0DPMii, Mffi.T*efe^«&5ST*fe 
0* m^R^f/^CO. lmol/Ltgj!fU: 
S«E*0. lg/min^T'Ub^-frt, 2 0 0t 

f^DPM&mMft&te* lOOPat'fc^ T/Uzf^ 
y^X-^li, MlPaT'lOW^MOLTM 

[0 0 8 2] 7>?>&5 0%^tfi/» bmi*. 1 



# 1,01 # 



t> tvH^A, i/Ht'^, isxzfa > 

[oo8 3] <m4mmm>m4mmma, v^p^t 

COA 1 zOaKfi, ^2HJ6^!li:lRl«, hy^^T^^ 
(DPM) • ^ is 9 Is {La (Cn H19 O2 ) 3 ) Srffl 

[ 0 0 8 4 ] *mmmiL :^ufy/ti2^f 

5/ XSr^SlOf* 9 3g LT 9 > 9 y h Ba)M% 
•BLfc, 

[0 0 8 5] 0%-gt?Tsl>$*— bm&, 

1 0 5 ox:<D?$Mmc£Q±.m<D7$}) is» ^v^kj&i- 
5:ttt<£<, *fttt*&n*^ofc 0 5 

f/Wt'^A, x/nr'r)i,^ /ft/l^^A, ^^^ci> 

loose] <® 5mMm>nsmt&m*, +9\s*sv 30 

f^7;f^^^ {T i [N (CH3 ) 2 ] 4 } Srffl 
^1t 0 5 i^y ^yJffiidSttx^/^-S^ 

■tOHMtfcWfrfc. 5fci\ S«S:3 0 OtS-CJPjRUfc 
^H2 9 5-3 0 5t^teII:$fJ»L, ik&VoXtbZ'r 

-^*:7u — h o — ^^r^LT^EEl OOPatlf) 

fc5r;u^7X-7S:, »fflPaT'0. lW/cm 

2 ©«^jS:a3aiL-C5lWB»flfe*-ti:fc Q :H/:I51^ so 



7^^7 P ^^2^^^^ P (t^l O-t^-T ^/Ui^"9iSbT > is 
00t« 1 OftmT^— /H, ffS*?Jl nmWf 
[0 0 8 8] <*6Hlfe«SJ>»6||J60lJli > ^/^Fv' 

i/tv^pxf/u^ h {Co (Cn H19O 

2)3} Srfflv^fc. SS-e*5i/y3>SSi:»Ltx 

[0089] ^mmmn. m^mmmtmm^mx, 

tt«rK»^^* K 0 . 1 m o 1 / L Xfeffi Ufc^ffi^r 
0. 1 g/m i nOft^t'WkStt, 2 0 OtfiJllt: 

-fr»*>J«*MWEM:* lOOPatfc^ 7/^y7°7X 
■^ti, 1 P a "CI 0W©«*S:RPJPLT»^** 

[0 0 9 0] r 5 LfctRl^xs/^i:^*^*:/** 
1 Oi^-Y *>u»!3i6LT\ v-y =vS«rtlC3^/uhS: 

[0 0 9 1 ] <»7*H«>*7*tt«tt, {£H8£££:fr 

i%*7jyKfc»»s*-c*>y 3>*««B<z>a*s 

f;P7^^xr)A {T i [N (CH3 ) 2 ] 4 } 

^/d 0 vy 3>»{t»ds»«s*tfc^y 3>s*eIw»l 

T^*^*-«ft-T-«:flaWi"5»2^^iy7 p Kj3V^Ttt, 

[0 0 9 2)*It« > :^IUfy7 P ^2^r 
y^SrXEK 1 0^^^j»OiSUT^^ vvy ^ K 

Bi«r»riiLfc. * 5 MS«±rai: 

ami-. I^tT'5 0 0t' 1 0^Pp^T^-yULfc o > 
y 3^*{k*^fc^*>36SWA**LTS/y K{b-T5 



♦ 

[0 0 9 3] v-y^r-hJf l%ft7y|fl» 

vm±* *>y 3>»ft»s:^u-c«a*s 

[0 0 9 4] <»8»fi«>»8**f»J«L % *»0J*5» 

[0 0 9 5]|9 (d) It JR8XlbMlcA&nS h? 
^**<DWflD0-e&5o T^WS5X10 15 cm' 3 10 

2 HW^ixtv^o nShyy 
y*#»J**l*fc:tt, p^/u (ia«-B:r) aWBrtSft 

M5X10 16 cm" 3 g|(Dpift^«fti» 
;#£*XT:fc«9 (H^-ar-f) , WW«5xi0 19 cm 

M2 4 (JKi^O. 5nm) ^Lti/y^r-hf 2 5 20 

^Lt#y-^- kw >m®2 2 tl«tti:»aL 

fc#y — KWyffi2 8i)m!££tlX\,^Z> 0 

[0 0 9 6] JL^T, nffl*flch5V^^<^«3S*jfe^ 
[0 0 9 7]*f, nS*gfi^y=ySS2 1^ffi 30 

ffllfcft;**, r^-e^rioctr/^tD^*^^ 
ffltvfcftfrftfcJ: 9 rco&^te, HMSflr>y 

^^Sffi2 Oco^ffiSrgfej^-r^r i:3jsiWC*>*fc», 

l\ y = vSfi 2 0 ±K p xyutJgfil Lfc 

is RIE (Reactive Ion Etch) S^^T'>U = > 
^«2 0 JLtcf#$r$g «9 , -t:Wf)«c|e«IKSra«>a* h l" 
>^fflO*^#«««2 UMtSc «r*T, ffS 1 
n m(D y a y»ftR2 4 Lt», ^*-lr-*^>f * 

*r-5o 8 0 0U 1 0#Sff(ORTA (Rapid 

Thermal Anneal) Id i 9 p ffl^^^/^tt»Ji<^ettfb 
£fr5 (HI 9 (a) ) o 

[0098] *&mz&z>mmw2f&mzj:y^7 
iut7^ r^=r>^7 x-v&mtt-tzm 2 * 

^£•1 O0££{cjf*9i£-f r. <b(c£«9, 0% 
fc. tt^T, S^*^HHW*5J:V7 5 or, 105) 
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iil^l, 0. 5 nm£>S i O2 I^LT 1 . 1 n m<7> 
i/l)fr-hm («) , &J;<>'Sicffit-0. 4nm(0Si 

o 2 y vmmtwtfLZtiiZo 

[0 0 9 9] <£JE«tBfi)c*fe (LPCVD) (C«t 

rntM^nty-hii (tti^yay) 26 

y =>>mitm2 4Zs<?-=.>y-rz> 19 (b)) fl 
[0100] ?* v y— hm 

§26, ->y-Jr- h«2 5, i»»=l>'m\M2 4*'<* 
yaAfflv^^^LTffll\ v^y^ygf 2 0C^fe 

y-^-KMVffl«2 2SMt5 (H9 (c) ) . 

[0101] h u-v?* h'** — >£Bfc*U 

y-*- KW>««2 2XT^y- h««2 6 0}Stt{b 
tOfcfe^JRitoa (lfiiJES5(l#Hft, lOOOt, 1 
80 £*T? 0 iMil2 7HMt^ 0 &Ki, 

y-*- y^i«2 2&^y- hiffi2 6*-cit-r 
5 = y^^h?LWl, CoWTiN (m^-£-r) 
«:«ai, Ilft^OOt, 1 O^RTA (Rap 

id ThermalAnneal) Lfc^, 

4£ 2 8*5 J: 15^- hti2 6 SrJKrt-TS (HI 9 

(d) ) 0 

[0 10 2] SCl, £3i : *^it9 : lSffl^f "C4 0 
or, l 0^7=- gilc^®^-/ v~< 
->3>'K29?rMli9 (d) [C^t^ftgl3 

[0 10 3] ±ieXST^fiKLfc h7^^^- h 

MT^^yy^ M2 5«l:^ hm*S 

y 2 6 t I(i 7 X 1 0 10 / c 

m 2 ev-efo«9, a#©H!«Mk-c»**nfc^y 

4bK t b mm t cn&ffi (DRwmimm t mm cm 

-efcofco r*ua, *B«WT*tt»^'>y3y»ftR2 

4^U±aJCi/y^r- hK2 5^/£$;ft,50T% 
bizm^&toMk&ttUZtiiz. Z<D£olZCXft!it£tl 

»lWHt-e*>*^y hflg2 so^^N-Ert^-ttjd 
[0104] &tc, ±.m<D¥m&mw3 o<omm^ts^ 




(12) 



T, YWfeZ 6 t LXz/l) • yy^^^Ajftft 

IB* fcSlMSvvi^ - 7y^yw7;u^>- h@M 
tKliv'y^- hKSrffll^T|SJ«(D h7^^^ 

[0 10 5] <»9 3tlfiW>»9*lfi«t), 

[0106] Eiiot, msmmmtm^ nmb?^ 
iSx*<ommm-e&>z>o Bio (a) ta, sK^mus* 

2 1, y-^-KM>I«2 2, y-hite»K-efc5 

®26, »±^ + *^««2 3 txmf&tstitz^mtt 

mWZ^ftJ&f&L. tot, *«MO»KJBric*ft*:a 
JHLT*^#«««2 lfCv-y^- hJK3 lSrJgjSU 

y-*- Ki^W >^«2 2*5j;i>-y— hm®2 6±^v- 

K*3 2«r#i*Ufc (Hi 0 (b) ) o ^<£>&. 
*-7-»«««2 l±^JB«S*tfc*>y <*— hflS3 l£r#j 20 

1 %ij(07y»|:i 9|fc*U IH 10 (c) tC^-T* 

[0107] 

*jSfe*cj:lxtf % »l^^s/^ , i:JB2^7 t y^S:SEi:fc|» 

^OWSAJBtE**: S i O2 Bgfc L < I4A 1 2 OiWk* 
**!6fHK«rBtJ|C*s J: (/Bl^IrtisS-ttJ; < Mt5 
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